Aims To evaluate sex-specific disparities in acute kidney injury (AKI) complicating acute myocardial infarction-related cardiogenic shock (AMI-CS) in the United States.
Introduction
Cardiogenic shock complicating acute myocardial infarction (AMI-CS) is frequently associated with acute kidney injury (AKI), which has an adverse prognosis. [1] [2] [3] In unselected AKI patients, female sex was noted to be associated with lower mortality. 4 However, there are limited data on sex-specific differences in AKI in hospitalized US patients with AMI-CS.
4,5
Using a 15 year nationally representative US database, this study sought to assess sex-specific differences in AKI in AMI-CS. We hypothesized that women with AKI would have higher in-hospital mortality consistent with other literature in acute care cardiology.
6,7

Methods
The Healthcare Cost and Utilization Project National (Nationwide) Inpatient Sample (HCUP-NIS) is the largest all-payer database of hospitalized inpatients in the United States. The HCUP-NIS contains discharge data from a 20% stratified sample of non-federal hospitals and can be weighted to estimate national trends and prevalence. In the period from 1 January 2000 through 31 December 2014, a retrospective cohort study of admissions with a primary diagnosis of AMI [International Classification of Disease-9 Clinical Modification (ICD-9CM) 410.x] and concomitant secondary diagnosis of CS (ICD-9CM 785.51) was identified. CS was defined as shock resulting from diminution of cardiac output in heart disease, shock resulting from primary failure of the heart in its pumping function, as in myocardial infarction, severe cardiomyopathy, or mechanical obstruction or compression of the heart, or shock resulting from the failure of the heart to maintain adequate output. Previously validated methodology was used to identify patient, hospital, co-morbidities, procedures, and outcomes. 12 The endpoints of interest were the prevalence, trends, and outcomes of men and women with AKI in AMI-CS. As recommended by HCUP-NIS, survey procedures using discharge weights provided with HCUP-NIS database were used to generate national estimates. Trend weights provided by the HCUP-NIS were used to re-weigh the data to adjust for the 2012 HCUP-NIS redesign. 13 χ 2 test and t-test were used to compare categorical and continuous variables, respectively. The inherent restrictions of the HCUP-NIS database related to research design, data interpretation, and data analysis were reviewed and addressed, such as consideration of each record as an 'admission' instead of a patient, no state-level/ hospital-level estimates, re-weighing the sample using trend weights (to adjust for 2012 redesign), and citing relevant literature for administrative codes. 13 Multivariable hierarchical logistic regression analysis was performed for prevalence and outcomes adjusting for age, co-morbidity, chronic kidney disease, race, socio-economic status, hospital characteristics, acute organ failure, cardiac arrest, and cardiac and noncardiac interventions. All statistical analyses were performed using SPSS v25.0 (IBM Corp, Armonk, NY).
Results
During this 15 year period, 440 257 admissions with AMI-CS met the inclusion criteria of which AKI was noted in 155 610 (35.3%). Women comprised 36.3% of the AKI cohort. Acute on chronic kidney disease was present in 23.8% of the total population, with a higher prevalence in men (24.5% vs. 22.5%; P < 0.001). Women with AKI were more likely to be older (74 ± 12 vs. 69 ± 12 years), of non-White race (38% vs. 36%), bearing Medicare insurance (76% vs. 62%), with higher co-morbidity (Charlson Comorbidity Index 6 ± 2 vs. 5 ± 2), and with less non-cardiac organ failure (respiratory 53% vs. 57%, hepatic 16% vs. 17%, neurologic 15% vs. 21%, and cardiac arrest 18% vs. 22%) compared with men (all P < 0.001).
Women with AKI less often received coronary angiography (59% vs. 66%), percutaneous coronary intervention (39% vs. 43%), mechanical circulatory support (39% vs. 48%), mechanical ventilation (49% vs. 54%), and haemodialysis (9% vs. 10%) compared with men (all P < 0.001). The 15 year unadjusted and adjusted trends of AKI stratified by sex are presented in Figure 1A ,B (P < 0.001 for trend). All-cause inhospital mortality was higher in women-51% vs. 45%; odds ratio 1.28 (95% confidence interval 1.25-1.31); P < 0.001. Unadjusted and adjusted temporal trends of in-hospital mortality are presented in Figure 1C ,D (P < 0.001 for trend). Women had shorter lengths of stay (12 ± 14 vs. 13 ± 14 days), lower hospital costs ($150 071 ± 180 796 vs. $181 260 ± 209 674), were less often discharged to home (19% vs. 31%), and more often discharged to a skilled nursing facility (52% vs. 39%) (all P < 0.001). Adjusting for age, co-morbidity, chronic kidney disease, race, socio-economic status, hospital characteristics, acute organ failure, cardiac arrest, and cardiac and non-cardiac interventions, female sex was an independent predictor of higher in-hospital mortality [odds ratio 1.16 (95% confidence interval 1.14-1.19); P < 0.001].
Discussion
In the largest study of AKI complicating AMI-CS admissions, we noted that despite lower acuity of illness, female sex was independently associated with higher in-hospital mortality in contrast to what has been reported in the AKI literature assessing all comers. 4 Although there has been a significant decrease in in-hospital mortality between 2000 and 2014, AKI still, not unsurprisingly, was associated with high mortality in AMI-CS. Female patients consistently received fewer cardiac and non-cardiac procedures and were discharged to assisted care more often in comparison with male patients. There are no prior studies looking at sex-specific differences in AKI in AMI-CS, and therefore, we were unable to compare this study with prior literature directly. We did note that there remain significant sex-specific disparities in the management and outcomes of AMI-CS independent of other risk factors.
14 It is possible that women, who were older as a group, had delays in diagnosis of AKI because of lower muscle mass. 15 However, the differences remained significant Sex disparities in AKI after AMI-CS despite adjusting for age. Our results are consistent with prior European studies that demonstrated that women developed AKI less often and had higher in-hospital mortality than men. 2, 3 Despite the increasing prevalence of AKI, our data revealed that in-hospital mortality declined over time, which was likely because of greater recognition and awareness in AMI-CS management. 1 Furthermore, judicious use of contrast media, increased AKI awareness, and avoidance of nephrotoxic agents may influence mortality because of their detrimental effect on renal function. 5 The reasons for these disparities are incompletely understood. Prior data have noted that women present later with AMI, have more atypical symptoms, and receive guideline-directed medical therapy less often. 7 Furthermore, differences in cultural and religious beliefs, treatment preferences, and incomplete knowledge may present additional barriers for timely and guideline-directed care in women. Further qualitative studies evaluating patient and provider beliefs and biases on sex-specific care of AKI in AMI-CS are warranted. This study has several limitations. It is possible that the higher occurrence of AKI over the years is related to greater recognition and improved coding practices. 16 A minority of the included admissions may have had creatinine elevations without AKI (i.e. no tubular injury). Haemodynamic and fluid balance parameters, which influence the development of AKI, were not available in this administrative database. 3 Unfortunately, the administrative data used in this study do not provide information related to the serum creatinine level or urine output for appropriate adjudication of AKI cases based on the current definition criteria. ICD9-CM codes for AKI are known to be very specific while having low sensitivity. Knowing that AKI cases described in this paper are mostly patients with real AKI, we believe our results still provide valuable information. 17, 18 The reasons for not obtaining cardiac and non-cardiac organ support therapies because of treatment-limiting decisions could not be assessed in this administrative database.
In conclusion, in this 15 year study, women had AKI less frequently in AMI-CS compared with men. Women with AKI tended to be older, of non-white race, and with higher co-morbidity but developed less frequent organ dysfunction. Women received fewer cardiac and non-cardiac Figure 1 Unadjusted and adjusted 15 year temporal trends for the prevalence and in-hospital mortality of AKI stratified by sex in AMI-CS. (A) Unadjusted temporal trends of AKI stratified by sex in AMI-CS (P < 0.001 for trend); (B) adjusted temporal trends of AKI stratified by sex in AMI-CS* (P < 0.001 for trend); (C) unadjusted temporal trends in the in-hospital mortality of AKI stratified by sex in AMI-CS (P < 0.001 for trend); and (D) adjusted temporal trends of in-hospital mortality of AKI stratified by sex in AMI-CS^(P < 0.001 for trend). *Adjusted for age, race, primary payer, socioeconomic status, hospital location/teaching status, hospital bedsize, hospital region, and co-morbidity (referent year 2000).^Adjusted for age, race, primary payer, socio-economic status, hospital location/teaching status, hospital bedsize, hospital region, co-morbidity, acute respiratory failure, acute hepatic failure, acute haematologic failure, acute neurologic failure, cardiac arrest, type of AMI, use of coronary angiography, percutaneous coronary intervention, invasive haemodynamic monitoring, mechanical circulatory support, invasive mechanical ventilation, and haemodialysis (referent year 2000). AKI, acute kidney injury; AMI-CS, acute myocardial infarction-related cardiogenic shock.
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S. Vallabhajosyula et al. interventions, had higher in-hospital mortality, and were less often discharged to home.
